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Abstract 
Passenger waiting time decides the assembling degree at station waiting hall and is the basis for deciding the maximum 
assembling passengers number of station. By investigating at Lanzhou station, the rules of passenger waiting time for origin train 
and passing train are analyzed, and several distribution models of waiting time are obtained through curve fitting. Moreover, the 
characteristics and influence factors on passenger waiting time are analyzed by comparing with passenger waiting time at other 
railway stations. The results show that the rules of passenger waiting time at Lanzhou station obey the rational distribution and 
Gaussian distribution, the average waiting time at Lanzhou station is longer and coefficient of variance is bigger. Furthermore, 
the bulk arriving degree of passing train is higher and the passenger arriving time of origin train is earlier. 
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1. Introduction 
The passenger waiting time from passenger arriving the station to the train leaving decides the assembling degree 
at station waiting hall and is the basis for deciding the maximum assembling passengers number at railway station 
which directly influences the scale of station. So, the passenger waiting time is also a basis for the station scale. In 
fact, many factors can infect the passenger waiting time, such as urban traffic environment, weather condition, 
departing time and equilibrium distribution of trains(Zhu et al., 2013; Ma, et al., 2009). Therefore, analyzing the rule 
of passenger waiting time is becoming increasingly important in application and can provide a theoretical basis for 
planning, design and management of passenger station. 
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Many studies have been made by scholars and practitioners to analyze the rule of passenger waiting time. For 
instance, He et al. (2006) found that the rules of passenger waiting time at Beijing railway station, Beijingxi railway 
station, Guangzhoudong railway station, Hefei railway station and Wuxi railway station obeyed the logarithm 
normal distribution through investigating. Ma et al. (2009) established a waiting time model on the basis of the grey 
dynamic theory and Gauss fitting by adopting a method of looking over the passenger’s ticket and recording the time, 
and confirmed that the grey model was more real and accurate by comparing the grey model with the logarithm 
normal distribution model. Liu et al. (2011) put forward a distribution density function of the passenger advanced 
arrival time with the rational distribution through fitting analysis on the statistical data at Beijingnan railway station, 
Guangzhounan railway station and ShangHai HongQiao railway station. Zhang (2009) used the logarithm normal 
distribution to fit the passenger arriving rule after analyzing the rules of arriving at, departure from and assembling at 
waiting halls. Gao et al. (2011) and Wang et al. (2013) proposed a distribution density function of the passenger 
arriving rule with the composite negative exponent distribution on the basis of investigations on Beijingnan station. 
Sun (2011) found that the rules of passenger waiting time at Chengdubei station obeyed the gamma distribution  
through investigating. 
These research findings by previous studies indicate that different stations may have different rules of passenger 
waiting time. In addition, the passenger waiting time is significantly affected by the ticket checking time and has a 
great difference between origin train and passing train. Consequently, the passenger waiting time should be analyzed 
by different kinds of trains.  
The contents of this study are organized as follows. The data of passenger waiting time for origin train and 
passing train are obtained by investigating at Lanzhou station in Section 2. Next, several distribution models of 
waiting time are obtained through curve fitting tool of MATLAB in Section 3. Thereafter, different rules of 
passenger waiting time between origin train and passing train are analyzed and the characteristics and influence 
factors on passenger waiting time at Lanzhou station are put forward by comparing with passenger waiting time at 
other railway stations in Section 4. Finally, Section 5 draws the conclusions,  some rules of passenger waiting time 
are found. 
2. The Data of Passenger Waiting Time at Lanzhou Station 
With the assistance of Lanzhou station workers, some investigations were conducted during 2013.05. Through 
inquiring about the train number and recording the arriving time, the passenger arriving time and arriving number 
can be obtained. The part of data about passengers waiting time at Lanzhou station are listed in Table 1 and the 
distribution of passengers waiting time is shown in Fig. 1. 
3. Curve Fitting Analysis of Passenger Waiting Time 
Several distribution models of waiting time are obtained through curve fitting tool of MATLAB. After fitted data 
with one or more models, the goodness of fit should be evaluated. In the goodness-of-fit statistics, Sum of Squares 
Due to Error (SSE) measures the total deviation of the response values from the fit to the response values and a SSE 
value closer to 0 indicates that the model has a smaller random error component, and that the fit will be more useful 
for prediction. R-Square measures how successful the fit is in explaining the variation of the data and can take on 
any value between 0 and 1, with a value closer to 1 indicating that a greater proportion of variance is accounted for 
by the model. If increasing the number of fitted coefficients in a model, R-square will increase although the fit may 
not improve in a practical sense. To avoid this situation, the degrees of freedom adjusted R-square statistic should be 
used. Adjusted R-Square uses the R-square statistic defined above, and adjusts it based on the residual degrees of 
freedom. The adjusted R-square statistic can take on any value less than or equal to 1, with a value closer to 1 
indicating a better fit. Moreover, Root Mean Squared Error (RMSE) is an estimate of the standard deviation of the 
random component in the data, and a RMSE value closer to 0 indicates a fit that is more useful for prediction 
(Fahrmeir, 1994). 
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Table 1. The passengers waiting time distribution  
Passenger waiting time (min) 
Percent (%) 
T194 (passing train) K44 (origin train) K858 (origin train) 
<10 1.7 1.8 0.3 
20 12.2 4.1 1.7 
30 23.3 7.6 8.8 
40 11.6 8.9 10.8 
50 12.8 10.7 12.0 
60 10.5 15.2 12.1 
Passenger waiting time (min) 
Percent (%) 
T194 (passing train) K44 (origin train) K858 (origin train) 
70 8.1 10.4 10.7 
80 5.8 9.4 10.8 
90 3.5 7.7 10.3 
100 2.9 7.0 8.3 
110 2.9 6.6 6.7 
120 2.3 5.6 4.4 
>120 2.3 5.0 3.1 
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Fig. 1. The distribution of passengers waiting time 
 
Furthermore,  the passenger arriving probability will not fluctuate wildly in a certain period of time. Thus, a 
fluctuation coefficient of a curve is defined by using the degree of deviation from the curve trend in a period of time. 
The larger the absolute value of fluctuation coefficient, the greater the fluctuant degree will be. The fluctuation 
coefficient in a period can be denoted by V: 
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where V is the standard deviation which denotes the degree of deviation from the curve trend in a period, Y is the 
mean value of these observations and reflects the long trend of a curve, iy is the actual value of a curve and n stands 
for the size of the sample. In this study, n=130. 
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After the curve fitting on the passengers waiting time, several models with better goodness of fit are listed in 
Table 2, Table 3 and Table 4. 
 
Table 2. The curve fitting results of passengers waiting time for train T194 
Fitting function Coefficients (with 95% confidence bounds) Goodness of fit 
General model Rat22˖ 
2
2
1 2 3
1 2
p x p x py
x q x q
 
   
p1=0.0077 (-0.0282,0.0434) 
p2=1.75 (-1.655,5.155) 
p3=-14.67 (-56.67,27.33) 
q1=-47.53 (-58.84,-36.23) 
q2=731 (440,1022) 
SSE: 0.0038 
R-square: 0.9193 
Adjusted R-square: 0.8789 
RMSE: 0.0219 
V:0.0485 
Gauss2˖ 
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a1=0.2702 (-11.54,12.08) 
b1=26.06 (-24.68,76.8) 
c1=5.102 (-117.3,127.5) 
a2=0.1186 (0.0891,0.148) 
b2=51.18 (40.98,61.37) 
c2=36.08 (25.62,46.53) 
SSE:0.0019 
R-square:0.9588 
Adjusted R-square: 0.9294 
RMSE: 0.0167 
V: 0.0730 
 
Table 3. The curve fitting results of passengers waiting time for train K44
Fitting function Coefficients (with 95% confidence bounds) Goodness of fit 
General model Rat22˖ 
2
2
1 2 3
1 2
p x p x py
x q x q
 
   
p1=0.0170 (-0.0269,0.0609) 
p2=0.0846 (-6.102,6.271) 
p3=61.71 (-44.49,167.9) 
q1=-98.98 (-123.6,-74.4) 
q2=3342 (1802,4881) 
SSE: 0.0013 
R-square: 0.9084 
Adjusted R-square: 0.8627 
RMSE: 0.0126 
V: 0.0139 
Gauss3˖ 
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a1=0.0809(-689.8,689.9) 
b1=63.01(-1.11e+4,1.12e+4) 
c1=3.714(-1.04e+4,1.04e+4) 
a2=0.0733(-0.2151,0.3616) 
b2=49.29(38.35,60.24) 
c2=31.42(-19.47,82.32) 
a3=0.0667(-0.0258,0.1593) 
b3=96.6(-51.57,244.8) 
c3=58.07(-88.63,204.8) 
SSE: 0.0001364 
R-square: 0.9901 
Adjusted R-square: 0.9704 
RMSE: 0.00584 
V: 0.0168 
 
Table 4. The curve fitting results of passengers waiting time for train K858
Fitting function Coefficients (with 95% confidence bounds) Goodness of fit 
General model Rat22:˖ 
2
2
1 2 3
1 2
p x p x py
x q x q
 
   
p1=-0.1818(-0.6235,0.2598) 
p2=30.34(-36.63,97.3) 
p3=-316.7(-1055,421.2) 
q1=-49.78(-167,67.48) 
q2=6281(-2237,1.48e+4) 
SSE: 0.0009 
R-square: 0.9515 
Adjusted R-square: 0.9273 
RMSE: 0.011 
V: 0. 0252 
Gauss2˖ 
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a1=0.08276(0.0012,0.1643) 
b1=42.8(36.61,48.99) 
c1=19.87(7.936,31.81) 
a2=0.1055(0.0850,0.1261) 
b2=83.1(62.93,103.3) 
c2=39.58(18.19,60.97) 
SSE: 0.00061 
R-square: 0.9686 
Adjusted R-square: 0.9462 
RMSE: 0.00941 
V: 0. 0196 
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The results in Table 2~ Table 4 show that the rational distribution and Gaussian distribution have better goodness 
of fit. The curve fitting results of passengers waiting time for train T194 are shown in Fig. 2. By comparing Fig. 2 (a) 
and (b), it is revealed that the curve fitting with rational distribution is smoother and the fluctuation coefficient V of 
rational distribution is also smaller than another one. Moreover, the logarithm normal distribution is also adopted on 
the curve fitting of passengers waiting time at Lanzhou station, but the result shows that the passengers waiting time 
at Lanzhou station does not obey the logarithm normal distribution. 
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(a) rational distribution                                      (b) Gaussian distribution 
Fig. 2. The curve fitting results of train T194 with rational distribution and Gaussian distribution 
4. Comparative Analysis of Passenger Waiting Time 
4.1. Comparative Analysis of Passenger Waiting Time for Different Trains at Lanzhou Station 
The mean value of passenger waiting time can reflect the average waiting time of passengers. However, when the 
degree of variation from one data series to another is significant, the mean value is not a reasonable measure. The 
coefficient of variation (CV) represents the ratio of the standard deviation to the mean, and it is a useful statistic for 
comparing the degree of variation from one data series to another, even if the means are drastically different from 
each other (Sokal, 2000). So, the coefficient of variation is a normalized measure of dispersion of a probability 
distribution or frequency distribution. In this study, the coefficient of variation (CV) is defined to illustrate the 
degree of variation of passenger waiting time. 
 
/CV X V                                                                      (2) 
 
where V is the standard deviation, X  is the mean value of passenger waiting time. 
Skewness (Sk) is a measure of the extent to which a probability distribution of a real-valued random variable 
“leans” to one side of the mean and can reflect the distribution rule of passenger waiting time (Dominick, 2002). The 
skewness is defined as follows: 
 
0( /Sk X m  澡V                                                                    (3) 
 
where 0m  is the mode. Skewness is always between 0 and ±3. If Sk is greater than zero, the distribution or curve is 
said to be right/positive skewed. If Sk is less than zero, the distribution or curve is said to be left/negative skewed. If 
Sk is zero, the distribution or curve is normal and symmetrical(Dominick, 2002). 
Kurtosis ( E ) is the degree of peakedness of a distribution and can describe the degree of peakedness for 
passenger waiting time. Kurtosis can be measured by the follows (Dominick, 2002): 
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where 4m denotes the fourth moment about the mean, ix is the passenger waiting time, if  is the probability of 
passenger number with the waiting time ix and n stands for the total number of passengers. Generally, a distribution 
with a high peak ( 3!E ) is called leptokurtic, a flat-topped curve ( 3E ) is called platykurtic, and the normal 
distribution ( 3 E ) is called mesokurtic (Dominick, 2002).  
In this study, the passenger waiting time is calculated in every 10 minutes. The passenger waiting time less than 
10 minutes is computed with 10 minutes and The passenger waiting time more than 120 minutes is computed with 
130 minutes. Table 5 gives some descriptors of the passenger waiting time for different trains at Lanzhou station. 
 
Table 5. The comparative table of passenger waiting time for different trains
Train number X (min) V  (min) 0m  (min) CV(%) Sk E  
T194 52.3 28.9 30 55.3 0.77 3.12 
K44 70.6 30.9 60 43.8 0.34 2.18 
K858 71.0 28.4 60 40.0 0.38 2.13 
 
It is found in Table 5 that all the average waiting time for different trains at Lanzhou station is larger than 50 min 
and coefficient of variance is big. In addition, Sk is greater than zero, which leads to the right–skewed distribution of 
passenger waiting time and clarifies that many passengers have a short waiting time. 
In comparison to the origin trains (e.g. K44 and K858),  the passing train’s passengers have a short average 
waiting time and a small waiting time mode. The main reason for this situation is that passengers for origin trains at 
Lanzhou station can take ticket checking 30 minutes early. Furthermore, the skewness of passenger waiting time 
distribution for passing train is greater than the origin train’s, and the passenger waiting time distribution of passing 
train is leptokurtic and the origin train’s is platykurtic. The passing trains have arrived 72.1% passengers in 60 
minutes, but the origin trains only have 46%. Besides, the proportion of passengers waiting  more than 80 minutes 
for passing train is 13.9%,  while the proportion of passengers for origin trains is more than 30%. These results 
indicate that the bulk arriving degree of passing trains is higher and the passenger arriving time of origin trains is 
earlier. These analyses indicate that the passenger waiting time has a great difference between origin train and 
passing train. 
4.2. Comparative Analysis of Passenger Waiting Time with Other Railway Stations 
Several scholars have studied the rules of passenger waiting time at some railway stations in China and the results 
have been included in Table 6.  
In contrast to the results in Table 5, it is revealed that the rule of passenger waiting time at Lanzhou station is 
similar with the rule at Chengdubei station. But comparing with stations in Beijing, Shanghai and Guangzhou, the 
average waiting time of origin train at Lanzhou station is longer and the mode of passenger waiting time is also 
bigger, especially comparing with High-Speed railway stations (e.g. ShangHai HongQiao station, Beijingnan station 
and Guangzhounan station) where the mode is 20~25 min. These results show that the train’s density and passenger 
level at Lanzhou station are relatively low. 
In addition, the influence factors on passenger waiting time at Lanzhou station are obtained by investigating and 
the main factors are lower time value, poor reliability of urban traffic system and lacking of high efficient public 
transit system. 
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Table 6. The results of passenger waiting time for some railway stations
Scholars Station Distribution X (min) 0m (min) 
Ma, W. W. et al, 2009 Changsha station Gaussian distribution 63.9 38 
Zhang, T.W., 2009 Beijingxi station Logarithm normal distribution 51.8 40 
Sun, X.K., 2011 Chengdubei station Gamma distribution 70.1 60 
He, Y. Q.,  et al., 2006 Beijing station Logarithm normal distribution 54.2 45 
Liu, Q. G. et al., 2011 
ShangHai HongQiao station 
Beijingnan station 
Guangzhounan station 
Gaussian distribution 
Rational distribution 
43.2 25 
Gao, C. X. et al., 2011 
Wang, A.L. et al., 2013 
Beijingnan station Composite negative exponent distribution 41.2 25 
 
5. Conclusions 
The passenger waiting time decides the assembling degree at station waiting hall and is the basis for deciding the 
maximum assembling passengers number at station which directly influences the station scale. The rules of 
passenger waiting time for origin train and passing train are analyzed by investigating at Lanzhou station, and 
several distribution models of waiting time are comparatively analyzed. In addition, the influence factors on 
passenger waiting time at Lanzhou station are obtained by investigating. This study has shown the following results: 
(1) The rules of passenger waiting time at Lanzhou station obey the rational distribution and Gaussian distribution, 
do not obey the logarithm normal distribution. 
(2) The passenger waiting time has a great difference between origin train and passing train. Furthermore, the 
average waiting time at Lanzhou station is longer and coefficient of variance is bigger. The passing train’s 
passengers have a short average waiting time and a small waiting time mode in comparison to the origin trains. In 
addition, the bulk arriving degree of passing train is higher and the passenger arriving time of origin train is earlier. 
(3) The average waiting time of origin train at Lanzhou station is longer, the mode of passenger waiting time is 
also bigger, and the passenger arriving time of origin train is earlier comparing with stations in Beijing, Shanghai 
and Guangzhou. 
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